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INTRODUCTION
Patients who are diagnosed with malignancies often have some degree of renal impairment (RI) at the time of diagnosis [1, 2] . The evaluation of 4,684 patients with various types of cancers from 15 centers in France by the Renal Insufficiency and Cancer Medication (IRMA) study group [1] showed that 7.2% of the patients had serum creatinine levels ＞110 mol/L (1.24 mg/dL). However, the proportion of patients with any degree of abnormal renal function or RI had increased to 57.4% and 52.9%, when assessed by the Cockcroft-Gault and abbreviated Modification of Diet in Renal Disease (MDRD) study formula, respectively [3] . Considering this common incidence, the baseline renal function should be accurately assessed in every patient with a newly diagnosed cancer, including those having normal serum creatinine levels, in order to avoid renal toxicity during treatment through the adequate dosage adjustment of chemotherapeutic or other agents [2] [3] [4] .
In the field of oncology, the role of renal function as a prognostic indicator was previously suggested in patients with advanced cancers receiving palliative or end-of-life care [5, 6] . However, recently, its prognostic value has been assessed in patients with newly diagnosed cancers. The baseline RI, assessed by the blood urea nitrogen (BUN) level, was significantly associated with the overall survival (OS) in patients with advanced stage non-small cell lung cancer [7] , or with early mortality in patients with resectable pancreatic adenocarcinoma [8] .
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma among adults [9, 10] . Although DLBCL can be further classified according to the cell-of-origin [11] , this molecular classification currently cannot be implemented in routine clinical practice. The International Prognostic Index (IPI) is a useful clinical parameter and has been widely used for the prediction of overall treatment outcome in patients with DLBCL, even in the rituximab era [12] . However, there is still a need for novel and easy-to-use, as well as reliable biomarkers for better prognostication.
In the present study, we evaluated the prognostic value of baseline RI in patients with DLBCL who were uniformly treated with a three-weekly dose of rituximab plus cyclophosphamide, Adriamycin, vincristine, and prednisolone (R-CHOP21) immunochemotherapy.
MATERIALS AND METHODS

Patients and treatment
The inclusion criteria for the current study were as follows: 1) patients newly diagnosed with DLBCL according to the 2008 World Health Organization classification criteria; 2) patients aged ≥20 years; 3) patients treated with ≥1 cycle of R-CHOP21 as previously described at the Gachon University Gil Medical Center, Incheon, Korea [13] ; and 4) patients with a complete set of clinical, laboratory, and radiologic data for use in the retrospective analysis. Patients were excluded if they had DLBCLs: 1) of primary or concomitant central nervous system (CNS); 2) with human immunodeficiency virus infection; or 3) transformed from preexisting or previously diagnosed indolent lymphoma. Dose reduction was determined at the physicians' discretion; however, patients having a dose reduction of ＞25% or those having cyclophosphamide and/or Adriamycin omitted from their treatment regimens were excluded.
Ann Arbor stage I or II patients received 3-4 cycles of R-CHOP21 followed by involved-site radiotherapy or 6-8 cycles of R-CHOP21. Patients having advanced stage cancers received 6-8 cycles of R-CHOP21. Following the completion of 6-8 cycles of R-CHOP21, patients underwent a final response evaluation with both computed tomography (CT) and 18 F-fluorodeoxyglucose-positron emission tomography/CT. Tumor response was evaluated according to the revised response criteria for malignant lymphomas [14] . After the completion of the planned R-CHOP21 treatment, involved-site radiotherapy or upfront autologous stem cell transplantation for high-risk patients could be performed at the physician's discretion. For patients who achieved complete response (CR), an outpatient department-based surveillance was performed every 2-3 months for the first 2 years, and 4-6 months thereafter. A pathologic diagnosis was mandatory to confirm the relapse of DLBCL.
The present study was approved by the institutional review board (IRB) of the Gachon University Gil Medical Center (approval number: GAIRB2016-023). All procedures performed in the current study were in accordance with the ethical standards of the IRB and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Considering the retrospective nature of this study with minimal risk, the IRB waived the need for informed consent.
The assessment of renal function and anemia Pretreatment blood samples were collected and laboratory analysis was performed to determine the concentrations of BUN and serum creatinine. If a patient had serial BUN or creatinine measurements before the initiation of treatment, the lowest values were selected according to the assumption that the reversible component of RI caused by dehydration could be mitigated with fluid use at the time of lymphoma diagnosis or staging workup. Because the use of corticosteroids elevates the level of blood BUN, pretreatment with any type of corticosteroid before the administration of R-CHOP21 was thoroughly investigated for each patient. For patients who were pretreated with corticosteroids, only the serum BUN and creatinine measurements obtained before the administration of corticosteroids were selected.
The glomerular filtration rate (GFR) was calculated according to the MDRD study formula [15] and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula [16] . The cut-offs for the classification of renal function were adapted from the 2002 Kidney Disease Outcomes Quality Initiative clinical practice guidelines for chronic kidney disease [17] , which were as follows: ≥90 mL/min/1.73 m 2 for normal GFR (corresponding to CKD stage 1), 60-89 mL/min/1.73 m 2 for mildly reduced GFR (CKD stage 2), 30-59 mL/min/1.73 m 2 for moderately reduced GFR (CKD stage 3), 15-29 mL/min/1.73 m 2 for severely reduced GFR (CKD stage 4), and ＜15 mL/min/1.73 m 2 for a GFR that necessitates dialysis for end-stage kidney failure (CKD stage 5). In the present study, RI was defined by a GFR of ＜60 mL/min/1.73 m 2 according to the CKD-EPI. Baseline anemia was estimated as previously described [13] .
Statistical analysis
Event-free survival denoted the time from treatment initiation to disease progression or to the discontinuation of treatment for any reason (e.g., toxicity, patient preference, or death from any cause) [18] . OS denoted the time from treatment initiation to death from any cause. Survival analyses were performed using the Kaplan-Meier method and the survival rates were compared using the log-rank test. 
RESULTS
Patient characteristics and overall treatment outcomes
In total, 185 patients who were treated between March 2006 and January 2015 were included in the current retrospective analysis. Detailed characteristics of the included patients are summarized in Table 1 .
Of the 166 eligible patients, 144 patients (86.7%) achieved CR, 15 patients (9.0%) showed partial response, and 7 patients (4.2%) were refractory to R-CHOP21 (progressive disease) in the final response evaluation. During the 44.1-month median follow-up period (95% confidence interval [CI], 37.5-50.7), 53 patients (28.6%) developed any event, which included 7 patients who developed disease progression with R-CHOP21 treatment; 10 patients who developed treatment-related mortality (TRM) with R-CHOP21; 32 patients who developed DLBCL relapse after the achievement of CR; and 4 patients who died from causes other than DLBCL or DLBCL treatment after CR (1 patient died of acute myocardial infarction, 1 of aortic aneurysmal rupture, 1 of severe pulmonary embolism, and 1 of hepatocellular carcinoma progression). Among the 144 patients who achieved CR after R-CHOP21 immunochemotherapy, the 2-year and 4-year relapse-free survival rates were 81.9% and 79.5%, respectively. Among the patients who were analyzed, 44 patients (23.8%) died, which included 10 patients who died due to TRM during R-CHOP21 immunochemotherapy, 1 patient due to TRM of upfront autologous stem cell transplantation, and 4 patients due to deaths from other causes (as described above). The remaining 29 patients died of disease progression. The 3-year event-free survival and OS were 71.1% and 76.5%, respectively. Both the standard IPI and the National Comprehensive Cancer Network (NCCN)-IPI showed good prognostication. However, the NCCN-IPI was more efficient in discriminating between patients of low-intermediate and high-intermediate risk. In addition, the patients classified as the high-risk group according to the NCCN-IPI showed poorer OS compared to those classified as high-risk according to the standard IPI (Fig. 1) .
Renal impairment
Twenty-three patients (12.4%) were pretreated with corticosteroids and the lowest blood BUN and creatinine levels measured before the initiation of corticosteroids were included. Seventeen patients were identified to have RI according to the MDRD study formula. Because 2 additional patients were determined to have RI according to the CKD-EPI formula (from a GFR of 61.8 and 61.9 mL/min/1.73 m 2 , respectively, according to the MDRD study formula; to a GFR of 56.4 and 56.8 mL/min/1.73 m 2 , respectively, according to the CKD-EPI formula), 19 patients had RI according to CKD-EPI formula. Of the 19 patients, 5 patients were identified to have had pre-existing CKD through the review of past medical records. Two patients had post-renal azotemia, one via the invasion of the ureter, and the other via the renal parenchymal involvement of the lymphoma with obstruction of the renal pelvis. Two patients had hypercalcemia and/or hyperuricemia, suggestive of acute kidney injury (AKI) due to an electrolyte imbalance caused by lymphoma. We could not identify the cause of RI among the other 10 patients who were aged ≥70 (range, 71-89) years, except for 2 patients aged 49 and 69 years, respectively.
The OS was analyzed according to the GFR using both the MDRD study formula and the CKD-EPI formula ( Table 2 ). The MDRD study formula and the CKD-EPI formula showed similar results. RI was selected according to the CKD-EPI formula for further analysis. The relationship between RI and the baseline characteristics is shown in Table 3. 9 out of 19 patients (47.4%) with RI underwent an initial dose reduction (only a reduction of ≤25%) for cyclophosphamide and/or Adriamycin, whereas only 28 out of 138 patients (16.9%) without RI did (P =0.002). The proportion of patients who underwent a subsequent dose reduction of the two drugs did not differ between patients with and without RI (23.5% of patients with RI vs. 38.1% patients without RI, P =0.235).
Renal impairment and survival
Patients with RI showed inferior OS compared to those without RI (3-yr OS, 26.7% vs. 81.8%, P ＜0.001; Fig. 2A ).
The OS did not differ between patients with GFR ≥90 mL/min/1.73 m 2 and those with GFR ≥60-89 mL/min/1.73 m 2 (3-yr OS 82.4% vs. 76.7%, P =0.436; Fig. 2B ), suggesting that only RI defined by a GFR of ＜60 mL/min/1.73 m 2 is a meaningful prognostic indicator of OS. In multivariate analysis, RI was an IPI-independent prognostic biomarker ( Table 4) .
Among patients who were classified as high or high-intermediate risk according to the standard IPI, patients who had neither anemia of hemoglobin ＜10 g/dL nor RI, had superior OS compared to those with one or both. However, this was not the case for patients who were classified as low or low-intermediate risk according to the standard IPI (Fig. 3A, B) . These findings were maintained when the analysis was restricted to high-risk patients according to standard IPI (Fig. 3C) . The use of NCCN-IPI instead of standard IPI showed similar results ( Fig. 3D-F) .
DISCUSSION
In the present study, the baseline RI was independently associated with inferior survival in patients with DLBCL treated with R-CHOP21. In combination with baseline hemoglobin ＜10 g/dL, which we previously suggested as a potential prognostic marker [13] , RI enhanced prognostication among patients who were classified as high-risk according to either the standard or the NCCN-IPI.
Several large studies have already reported an association between RI in either patients with pre-defined CKD or impaired renal function at baseline, and higher risk of cancer-related death [19] [20] [21] . Na and colleagues, who retrospectively reviewed 8,223 cancer patients with at least one baseline serum creatinine measurement, reported that CKD was associated with an increased risk of cancer-related mortality [adjusted hazard ratio, 1.12 for patients with 30 ≤ GFR ＜60 mL/min/1.73 m 2 (P=0.04) and 1.75 for those with GFR ＜30 mL/min/1.73 m 2 (P ＜0.001)] [20] . Iff and colleagues conducted a prospective population-based cohort study in 4,077 patients. In the analysis of 307 subjects with cancer-related death in the cohort, it was reported that each 10 mL/min/1.73 m 2 decrease in the GFR was associated with a 18% increase in cancer-related death, irrespective of the age, gender, smoking status, blood pressure, and fasting blood glucose level. They also reported that among the subjects who were diagnosed with cancer after the initiation of the study, the overall risk of mortality increased by at least 14% for each 10 mL/min/1.73 m 2 decrease in the GFR [21] . However, because cancer-related death involves other contributing factors, including smoking status, alcohol drinking, diet, and environmental factors, such large-scale studies also have limitations in that several confounding factors might not be adequately reflected. In addition, each cancer has its own specific risk factors and in some cases, a few specific risk factors might be more predominant among the others. For this reason, the actual impact of RI on cancer-related mortality needs to be evaluated for every cancer type through the integration of the already known prognostic or confounding factors.
Considering the fact that the reported prevalence rate for CKD stage ≥3 was 5.0% in Korea in 2006 [22] , the 10.3% incidence rate of RI in this study is higher. The incidence of RI is higher among cancer patients compared to that of the normal population [3] . In the present study, only 5 patients had pre-existing CKDs, comprising 2.7% of the 185 analyzed patients, and 26.3% of the 19 patients with RI. Excluding the 9 patients with pre-existing CKDs or AKI, the causes of RI in the remaining 10 patients were not defined. They might be previously undiagnosed CKD patients or patients with AKI related to lymphoma. Because 8 of them were elderly patients, we assumed that age-related GFR decline could be a major cause of their RI. By all accounts, RI in patients with DLBCL can be considered in three aspects: 1) CKD, 2) AKI, and 3) age-related impairment of renal function. CKD is defined by a GFR of ＜60 mL/min/1.73 m 2 and/or kidney damage for at least 3 months [17] . CKD has many adverse effects on the human body. As GFR declines, oxidation products such as advanced glycation end products increase via oxidative stress. They induce cytokine production and monocyte activation, resulting in a pro-inflammatory condition [23] . Inflammation causes sarcopenia and malnutrition, and alters the structure of the vascular endothelium to favor atherogenesis [24] . Therefore, patients with CKD are vulnerable to cardiovascular disease, muscle wasting, hormonal imbalance, anemia, and infection caused by impaired immunity. In addition, there appears to be a relationship between CKD and frailty, which cannot be fully explained by inflammation, sarcopenia, anemia, and overt cardiovascular disease, possibly caused by subclinical vascular disease [25] .
Some of the analyzed patients might have AKI caused by lymphoma. For patients with lymphoma who did not have CKD, the development of AKI might occur in several ways [26] . First, anatomic factors such as obstruction caused by compression, and the invasion or infiltration of the kidney or the other components of the urinary system can cause RI. Second, some patients with lymphoma have metabolic abnormalities such as hypercalcemia caused by osteolytic metastasis or the release of parathyroid hormone-related peptide; or hyperuricemia with high tumor burden might cause AKI. Because these conditions imply higher tumor burden, AKI as well as CKD might have contributed towards inferior survival.
In the present study, RI was strongly associated with age ＞60 years (P =0.001) as well as age ≥70 years (P =0.001). We expected this result because GFR steadily decreases with age [27] . However, a notable finding is that in multivariate analysis including five individual IPI factors, RI was an independent prognostic factor for OS whereas age ＞60 years was not (Table 4) . A similar trend was observed when we included age ≥70 years or even age ≥75 years instead of age ＞60 years (Data now shown). Based on these results, we could cautiously assume that RI might have a role in the indication of the biological age of patients with DLBCL.
It should be further evaluated in future studies.
In the present study, patients with RI underwent more frequent initial dose reduction of cyclophosphamide and/or Adriamycin compared to those without RI. Although we did not calculate the dose intensity of the individual patients for each drug, such frequent dose reductions could potentially cause lower dose intensity and might contribute to the inferior treatment outcomes. One might argue that RI did not actually have a prognostic significance and appeared to do so due to insufficient dose intensity. However, we believe that the impact of lower dose intensity would be limited, because the degree of initial dose reduction was limited to ≤25%, and patients without RI underwent more frequent dose reduction beyond the first cycle compared to those with RI (38.1% vs. 23.5%), although statistically insignificant. Dose reduction, which is very common in clinical practice, is not solely decided according to renal function. A poor performance status, frailty caused by old age or comorbidity, and several other factors might also affect the decision.
The recently introduced NCCN-IPI refined categorization of age and lactate dehydrogenase, and the identification of disease involvement at specific extranodal lesions, resulted in the better discrimination of low and high-risk DLBCL patients treated with rituximab-containing immunochemotherapy compared to standard IPI [28] . The results of the present study were consistent with that of the abovementioned study. Instead of dichotomizing the age at 60 years, the NCCN-IPI classified patients into 3 groups by 15-20-year increments of age, and indicated higher risk in the group having patients with higher age (score 1 for patients with age ＞40 years to ≤60 years, score 2 for those with an age ＞60 years to ≤75 years, and score 3 for those with age ＞75 years), because the effect of continuous age on survival was linear [28] . Therefore, the gradual decline of GFR is associated with aging.
The present study had several limitations. First, it is a retrospective analysis including a modest number of patients. We used a single measured value of serum creatinine and estimated GFR accordingly. Therefore, it might not represent the genuine kidney function for some patients. The cell-of-origin is an IPI-independent prognostic biomarker in patients with DLBCL. However, the difference of survival between the germinal-center B-cell (GCB) and the non-GCB subtypes could not be reproduced in the present study. It might be explained by two reasons. One possibility is that the small patient number made it impossible to show statistically significant difference of survival between the two groups. In the present study, 23.2% of the patients lacked immunohistochemical staining results for the Hans classification. Second, as previously suggested, the Hans classification is a useful, but not an ideal surrogate of the genuine cell-of-origin, which can be acquired by gene expression profiling [29] .
Despite its limitations, the present study adequately demonstrated that RI could be a useful indicator for predicting worse OS. To the best of our knowledge, only a few previous studies have evaluated RI as a prognostic indicator in patients with DLBCL. In addition, along with anemia, a subgroup of very poor outcome patients was identified among the high-intermediate or high-risk patients according to either the standard IPI or the NCCN-IPI. Hemoglobin and serum creatinine are markers that are easy to test at almost no additional cost.
In conclusion, pre-treatment RI was an independent prognostic marker for inferior OS in patients with DLBCL treated with the R-CHOP21 therapy. In combination with a hemoglobin of ＜10 g/dL, RI enhanced prognostication in patients classified as higher-risk according to either the standard IPI or the NCCN-IPI. This result should be validated in future large-scale studies.
